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This study focused on the interaction of the united States 
Antimony Corporation (USAC) waste site and the natural 
hydrologic system of Prospect Creek, a locally important 
tributary to the Clark Fork River. Ground-water and 
surface-water sampling revealed variable levels of dissolved 
solids derived from the waste site. Potentiometric mapping shows 
an apparent correlation between periods of rapidly rising water 
table elevations and maximum ground water concentrations of 
several contaminants. A cyclic vadose—fluid entrainment 
mechanism provides the best model for the observed variations in 
water chemistry. 
High concentrations of dissolved antimony and arsenic (10 to 
10 mg/liter) have been discharged in some USAC waste streams. 
Data from tailings digestions and field sampling show divergent 
behavior for the two elements; arsenic is effectively 
immobilized in or immediately below the waste site, while 
dissolved antimony species move through ground water and into 
Prospect Creek. The waste site appears to contain at least 
61,000 lbs. of water-soluble antimony, creating a continuing 
source of low-grade antimony contamination. 
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CHAPTER I 
INTRODUCTION 
Since 1970 the United States Antimony Corporation (USAC) has 
operated an antimony processing facility adjacent to Prospect Creek 
near Thompson Falls, Montana. Between 1970 and 1983 USAC processed a 
total of 174,000 tons of stibnite ore, generating some 2.8 million 
cubic feet of waste solids. Milling peaked in 1980, when USAC 
processed 27,995 tons of ore; production decisions by USAC reduced the 
company's ore processing to 2688 tons by 1983 (Lawrence, 1984a). More 
recently USAC has emphasized custom milling of imported antimony 
concentrates. 
Effluents from the mill site include flotation mill tailings, 
sodium hydroxide leach fluids and autoclave residues (United States 
Antimony Corporation, undated; Lawrence, 1984b). All of these are or 
have been discharged into a series of three interconnected 
impoundments located at the junction of prospect Creek and a minor 
tributary. Cox Gulch. Unconsolidated alluvial material deposited by 
the two streams underlies the ponds, and was used to construct the 
impoundment berms. The mill site is situated on private patented 
land, while the disposal ponds are located on Lolo National Forest 
land under a Forest Service special use permit. 
Montana State agencies instituted a water quality monitoring 
program at the site when USAC began operations in 1971. Sample 
collections from Prospect Creek and from two monitoring wells were 
intended to detect mill effluents escaping the impoundment. No effort 
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was made to evaluate the hydrogeologic behavior of the site, and when 
a few months of sampling revealed no apparent discharge from the 
ponds, all monitoring was discontinued. The ponds were later expanded 
and the monitoring wells buried (Frye, 1983). 
Observers noticed that elk and deer were entering the disposal 
ponds, apparently to obtain the salts that precipitate on the pond 
surfaces. Concern for the effects of the waste material on wildlife 
led the United States Forest Service (USFS) to collect grab samples of 
the pond fluids in 1980. These samples contained dissolved antimony 
and arsenic in the range of 20 to 35 milligrams per liter (Spoon, 
1980). The ponds were fenced to exclude wildlife, but by 1983 the 
fence was breached and wildlife were again entering the site. In 
mid-1983 the USFS once again examined the disposal impoundment and 
expressed concerns about the environmental fate of the waste fluids. 
The potential for toxic trace-metal contamination of Prospect Creek 
and the local ground-water system generated particular interest. I 
chose to conduct a hydrogeologic investigation of this site in order 
to address the questions of the Forest Service personel involved and 
to further my own interests in mine waste disposal systems. 
Goals and Objectives 
The three general goals of this study are: 
1) To document the hydrologic behavior of a 3.5 mile reach of 
Prospect Creek and the associated ground water system. The direction 
and rates of ground-water flow, the chemical makeup of the 
surface-water and ground-water components of the system, and the 
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physical interaction between prospect Creek and the local aquifer are 
of particular interest. 
2) To determine the hydrologic mechanisms of importance in 
controlling contaminant discharges and transport at the site. 
3) To make a preliminary assessment of the long-term significance 
of the USAC facility to water quality in the study area. 
The following specific research objectives were intended to address 
these goals: 
1) Establish a system of monitoring wells sufficient to 
characterize the configuration of the water table in the 
vicinity of the USAC waste site. 
2) Determine the hydraulic conductivity and geometry of the 
unconsolidated alluvial deposit occupying the valley. 
3) Collect monitoring well and stream discharge data 
showing the relationship between discharge changes and 
fluctuations in position of the water table within the study 
reach. 
4) Collect water samples that characterize the general and 
trace-metal chemistry of water above and below the USAC site. 
5) Obtain these samples under the widest possible range of 
seasonal conditions, to determine the dependence (if any) of 
chemically identified waste pond discharges on the flow 
regime. 
6) Estimate the reservoir of soluble waste material in the 
impoundments and it's probable environmental mobility in the 
prospect Creek hydrologic system. 
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Site Description 
USAC's processing complex is located approximately 14 miles west of 
Thompson Falls, Montana, along the middle reaches of Prospect Creek 
(Figure 1). This tributary of the Clark Fork River drains 182 square 
miles of the Coeur D'Alene Mountains in western Sanders County. 
Headwaters flow from the crest of the range, here between 6000 and 
7000 feet above mean sea level (MSL); Prospect Creek itself is 
tributary to the Clark Fork River at the Thompson Falls Resevoir, at 
2400 ft. MSL. Steep, heavily forested terrain characterizes the Coeur 
D'Alene Mountains. Ponderosa pine/Douglas fir assemblages dominate the 
drier south-facing slopes, with larch/Douglas fir/spruce cover on 
wetter exposures. The valley floor of Prospect Creek supports various 
mixes of conifers and riparian hardwood species. 
The area has a moist montane climate, average precipitation ranging 
from 22 inches/year at the town of Thompson Falls to over 40 inches 
per year along the Coeur D'Alene divide. Much of this occurs as winter 
snowfall; the study site, at 3100 ft. MSL, accumulated about two feet 
of snowpack during the 1983-84 season. No weather data were collected 
at the USAC site during the study; historical data from Thompson Falls 
show an average monthly temperature minimum of 26 degrees F. for 
January and a monthly maximum of 68 degrees F- for July. 
With the exceptions of a few scattered outcrops of Tertiary 
intrusive rocks and of the unconsolidated valley fill of prospect 
Creek, the entire drainage is underlain by Belt Series metasediments. 
These are primarily the Pritchard Formation and Ravalli Group rocks, 
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Figure 1. Location Map 
consisting of interbedded quartzites, siltites and argillites. 
North-flowing tributaries of Prospect Creek cross exposures of the 
calcareous Middle Belt Wallace formation (Figure 2; Harrison et al, 
1981. ) 
Several regionally inqportant strike-slip faults with apparent late 
Cretaceous to early Tertiary right-lateral offsets strike west to 
northwest across the Coeur D'Alene Range (Hobbs et al, 1965). One of 
these, the Thompson Pass fault, traverses the study area and is 
thought to be the source of the stibnite mineralization developed by 
USAC. The stibnite deposits are localized in earlier bedding-plane 
fractures cut by the Thompson Pass fault (Bratney,1977; Clendenin, 
1973) . 
The unconsolidated deposits in the vicinity of the USAC site are 
coarse and poorly sorted. Coarse cobble and boulder size fractions 
armor Prospect Creek's active channels. The active stream channels 
incise one or more earlier depositional surfaces; Prospect Creek has 
also downcut through minor alluvial deposits laid down by tributary 
streams. Some of these fan-like tributary deposits exhibit some 
incipient cementation. Within the study area (Figure 3), the thickness 
of unconsolidated material varies from zero at the Belt Series contact 
to over 300 ft near the center of the valley. It's degree of 
stratification is largely unknown; the one existing well log from the 
site is very sketchy. The cohesionless sediment does not maintain a 
significant vertical ejq>osure anywhere within the study area. The 
scant information gained from the augering of the monitoring wells 
suggests some vertical variation, but generally the alluvial material 
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is coarse and poorly sorted throughout. 
The braided channel morphology maintained by Prospect Creek through 
much of the study area is considered characteristic of streams with 
steep gradients and high sediment transport rates ( Schumm, 1977). 
General Surface Hydrology 
USGS records for gaging station 12390700 at the mouth of Prospect 
Creek show a mean annual discharge of 260 cubic feet per sec (cfs), 
based on a 23-year record (United States Geological Survey, 1983). 
Monthly means vary from 61 cfs for October to 916 cfs for May, 
reflecting the strong runoff peak produced by spring snowmelt. A 
one-day maximum of 5,490 cfs occurred during a midwinter thaw in 
January 1977; a one-day minimum of 29 cfs resulted from a severe 
freeze in January, 1970. 
Prospect Creek flows intermittently past the USAC facility. During 
the 1984 runoff peak, over 500 cfs flowed past the upstream end of the 
study site. During low flow, the alluvial valley fill is capable of 
transmitting more water than Prospect Creek supplies, and all surface 
flow is lost to groundwater recharge. During late summer and through 
the autumn, as much as four miles of the channel up and downstream of 
the mill site may be dry. 
Year-round surface discharge begins about two miles downstream from 
the USAC ponds. Continuous ground-water discharge in this area, 
immediately upstream from the confluence of Crow Creek and Prospect 
Creek, produces a marshy area and a perennial surface flow, other 
surface-water inputs to the study area include Crow Creek, flowing 
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perennially with a measured discharge of 3 to 60 cfs during the 
1983-84 study period; Cox Gulch, with an ephemeral flow measured at up 
to 19 cfs during the 1984 runoff; and several small springs of less 
than 1 cfs discharge, some seasonal and a few flowing year-round, 
which enter from short tributary drainages. 
Human Activities 
Various human activities have left their mark on the drainage. In 
addition to USAC's plant and nearby mines, a number of small adits and 
prospects are scattered through the lower reaches of south-flowing 
tributary gulches; the long-abandoned Montana Standard property marks 
the downstream end of the study reach. A high voltage powerline 
crosses the downstream end of the study area before turning up the 
Crow Creek drainage, and an underground gasoline pipeline parallels 
most of the length of Prospect Creek. Lolo Forest Road #7 follows the 
drainage to Thompson Pass, and an extensive system of Forest Service 
roads provides logging and recreational access to most of the 
drainage. 
CHAPTER II 
METHODS 
This study employed a variety of methods intended to establish 
groundwater flow patterns, aquifer parameters, and relationships 
between the pond fluids and the quality of nearby ground water and of 
Prospect Creek. 
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Geophysical Methods 
Two shallow geopysical methods were used to expedite the collection 
of hydrogeologic data at the study site. A preliminary 
surface-resistivity survey was intended to delineate the water table 
and to identify any high-solute body of groundwater that might be 
associated with the pond site. Seismic refraction soundings determined 
the depth of the contact between unconsolidated deposits and the 
underlying bedrock at several points, thereby helping to define the 
geometry of the valley fill. 
The surface resistivity survey was conducted along four transects 
in September, 1983, using a Soiltest Inc. Model R60 current meter with 
copper rod current electrodes and wet (CuSO ) potential electrodes. 
4 
The transects shown in Figure 4 were selected to provide coverage 
across all probable ground-water flow paths down-gradient from the 
ponds. The resistivity soundings made along transects A and D were 
used to determine an electrode spacing appropriate for profiling near 
the apparent water table depth along transects A, B and C. The 
soundings employed logarithmically expanding Schlumberger arrays with 
a theoretical maximum current penetration of at least 5 00 ft. along 
transect B adjacent to the ponds (Zohdy et al., 1974). Based on an 
initial interpretation of the sounding data, the three resistivity 
profiles were collected using Wenner arrays with 20 ft. electrode 
spacings, providing a signal penetration depth of about 20 feet. 
The resistivity survey failed to clearly delineate the lower 
contact of the valley fill. The seismic refraction soundings served as 
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Figure 4. Impoundment Area Showing Resistivity Transects 
an alternate means for remote determinations of bedrock depths. A 
Nimbus Instruments ES-GE six channel seismograph recorded refraction 
data along transects 1 and 2 (Figure 5). The energy source for these 
recordings was a 300 lb. mass dropped approximately eight feet onto a 
steel plate set on the ground. A Bison Instruments model 1570 B single 
channel signal—enhancement seismograph was used to collect data along 
transects 3,4 and 5. The signal enhancement feature of this instrument 
allowed the use of a sledge hammer as an energy source. Standard 
plotting methods (Zohdy et al, 1974) were used to resolve approximate 
bedrock depths from these data. 
Lysimeters 
Prior to this effort, the occasional grab samples collected from 
ponded fluids in the impoundments provided only limited information 
about the interstitial fluid makeup of OSAC's wastes. During this 
study, nine suction lysimeters installed in holes hand-augered into 
the waste material provided samples from near the interface of the 
wastes and the underlying sediments. These were constructed using 
Soilmoisture Equipment Corporation one bar high-flow porous ceramic 
cups (1.89 inch diameter) glued to two inch 1120 gauge PVC pipe. The 
ceramic cups were acid-washed, rinsed and oven dried prior to the 
assembly of the lysimeters. 
The lysimeter placements (Figure 6) were selected to be 
representative of the entire impoundment, different areas of which 
receive discharges from different USAC processes. Once a hole was 
augered to near the bottom of the impoundment, the lysimeter assembly 
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was inserted into a slurry made up of deionized water and the 
lowermost auger cuttings. The remaining cuttings were used as 
backfill, capped by a .5 foot thick collar of wetted bentonite pellets 
to discourage vertical fluid migration along the PVC casing. 
Once fitted with rubber stoppers and clamped tygon tubing, the 
lysimeters were partially evacuated with a hand-operated vacuum pump 
and sealed for periods of up to 18 hours. Samples of the accumulated 
pore fluids were collected by removing the stoppers and emptying the 
lysimeters with a Black and Decker "Jackrabbit" peristaltic pump. 
Samples ranging from 200 to 2,0 00 milliliters in volume were collected 
in this manner and passed through an inline .45 micron Geoflow 
membrane filter. Those samples intended for trace metals analyses were 
collected in acid-washed one quart bottles and preserved with three 
milliliters of ultrapure {Instra-Analyzed) HNO^. Those collected for 
gross chemical analyses were stored in new bottles at or below 4 
degrees C. until analyzed. 
Seven of the nine lysimeters maintained hydraulic continuity with 
the tailings during the first months of the study. The moisture 
content of the impoundments decreased later in the study period, and 
pore fluid could be obtained only from P-2 and P-4 at the completion 
of sampling in August 1984. 
The auger cuttings taken from the lysimeter boreholes were 
collected as amalgamated samples representing 3 to 56 inch intervals. 
Each amalgamated interval was mixed thoroughly while in a sample bag, 
after which small (<50 gram) subsamples from selected borehole 
intervals were oven-dried at 70 degrees C, ground in a Diamondite 
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mortar and saved for extractive analyses. 
A simple procedure based on the "EP Toxicity" test (U.S. 
Environmental protection Agency, 1982) was used to develop estimates 
of the quantities of water-soluble antimony and arsenic in the 
impounded wastes. Five gram samples of the dried and ground waste 
solids were agitated for 24 hours in 100 ml of deionized water. The EP 
toxicity test calls for maintaining a pH of 5.0 during the extraction 
process with small quantities of acetic acid. Because of the initially 
high pH and buffering capacity of most of the waste samples, pH 
control during the project was inexact. The final pH values (see 
Appendix A) were above that called for by the EPA procedure and below 
those recorded for surface and ground water in the area. 
Monitoring Well Construction 
A ground-water monitoring well network was designed to provide 
information on the aquifer's hydrologic properties, water quality in 
the vicinity of the ponds, and the interaction between Prospect Creek 
and the ground-water system. The well locations were selected using 
geophysical data and judgements as to the likely flow patterns 
associated with the ponds. Access for the drilling rigs was also a 
constraining factor in selecting well sites; terrain and vegetation 
restricted vehicles to a few established routes. 
Because of difficult drilling conditions, well construction 
occurred on three separate occasions at seven sites (Figure 6). Well 
USb-1 was drilled to a depth of approximately 5 0 feet in September 
1983 by a Mobile B50 rig equipped with six inch diameter auger flight 
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and operated by the Montana Bureau of Mines and Geology. This borehole 
collapsed at depth, preventing the drilling crew from casing the well 
below a depth of 27 feet. Efforts to auger additional holes at that 
time were abandoned because of the excessively bouldery sediment 
encountered at the other sites. In November, 1983, a U.S. Forest 
Service B53 Mobile rig equipped with two inch coring tools and a wire 
line succeeded in drilling USb-2 to a depth of 35 feet. However, 
excessive bit wear during the construction of USb-2 and an attempt at 
constructing a well at site USb-7 led to the abandonment of this 
effort. Wells USb—3 through USb—7 were finally completed to shallow 
depths of less than 2 0 feet by the Montana Bureau of Mines and Geology 
B50 rig in May of 1984. These holes were first drilled with six inch 
diameter auger flight, then widened using eight inch hollow-stem 
flight. 
All the wells drilled by augering are cased with two inch inside 
diameter schedule 40 PVC pipe. Well USb-2 is cased with schedule 1120 
PVC. Wells USb-1 and USb-2 have several feet of hacksawn slots for 
perforations; wells Usb-3 through Usb-7 are finished with 4.5 feet of 
PVC screen, powersawn with a slot width of approximately 0.05 inches. 
Figure 7 shows a generalized monitoring well design. All of the wells 
are finished 1.0 to 2.5 feet above ground and were sealed at the 
surface with approximately one foot of bentonite pellets mixed with 
backfilled sediments. Table 1 summarizes these construction data for 
the seven monitoring wells. 
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WELL # ELEVATION 
(FT MSL) 
DEPTH 
DRILLED 
DEPTH 
FINISHED 
OPENING DATE 
FINISHED 
USb-1 3117.2 50 ft 27 ft 2 ft hack-
sawn slots 
9/14/83 
USb-2 3146.6 35 ft 35 ft 17 ft hack-
sawn slots 
10/31/83 
USb-3 3105.3 18 ft 15 ft 4 ft screen 5/9/84 
USb-4 3106.0 18 ft 14.9 ft II 5/10/84 
USb-5 3089.8 II 13.5 ft 
H 1 
USb-6 3110.4 
II 13.4 ft II II 
USb— 7 3119.3 12 ft 7.5 ft 
II It 
Table 1. Monitoring Well Construction and Elevations 
Head Measurements 
The relative elevations of all wells and of critical points along 
the channel of Prospect Creek were surveyed in with a Nikon NT—2 
theodolite. These elevations were then tied into a datum at the 
intersection of Forest Road #7 and the Cox Gulch Road. These and 
other data are plotted on base maps developed from 1 :4000 stereophotos 
of the mill site and study reach. Well levels were measured with an 
electric water-level sounder at an average interval of 20 days, with 
the exceptions of wells USb-1 and.USb-2/ which were equipped with 
Stevens Type F continuous water level recorders from February through 
September, 1984. Adapting these recorders for small diameter wells 
required the addition of a small pulley to guide the counterweight 
lines and a replacement float made from 3/4 inch diameter PVC. 
Aquifer Testing 
Several slug tests, a constant-discharge aquifer test and mass-
balance analyses of the study reach provided hydraulic conductivity 
data for the Prospect Creek sediment. A single permeameter test 
conducted on a core of fine tailings provides the only direct data on 
the hydraulic conductivity of the waste material. 
The slug tests conducted on wells USb-1 and Usb-2 employed a sealed 
and weighted, 12 foot long PVC cylinder to displace a volume of water 
in the wells. After hydraulic equilibrium was re-established, the 
cylinder was removed and the water level recovery measured. These data 
were analyzed using a technique described by Bouwer and Rice ( 1976)• 
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The two USAC water-supply wells, located 90 feet apart, allowed for 
a constant-discharge aquifer test using one of the pair as a 
monitoring well. The pumping well's discharge was measured several 
hundred yards away at the inlet to USAC's water storage tank, using 
the empirical pipe-flow values tabulated in Johnson (1975). Theim's 
steady-state equations (Fetter, 1980) are corrected for the 
partial-penetration effect of a limited perforated interval in the 
well casing (Walton, 19 70, p.319) to arrive at one set of hydraulic 
conductivity values. 
The mass-balance calculation of hydraulic conductivity attempts to 
integrate measured stream discharges, groundwater gradients and the 
aquifer's geometry into a permeability value applicable to the study 
reach. This calculation employed the following equation: 
O  = 0  + 0  -  ( o  + 0  + 0  
s—1,GW s-6 s-6,GW s-1 s-11 ws-15 
+ Q 
s-11, GW + Q _ +0 ) 
s-15,GW GWSt 
where 
Q 
s-1,GW = ground water underflow at S-1 
Q = surface discharge at S-6, 
S— 6 
Q = ground water underflow at S-6, 
5— o /GW 
Q ^ = surface discharge at S-1, 
Qg_^ = surface discharge at S-11, 
Q = surface discharge at S-15, 
b™ 1 O 
Q_ = ground water underflow at S-11, 
S*~ 1 1 *GW 
Q = ground water underflow at S-15, and 
S— 15 |GW 
^GWSt = discharge from ground water storage within 
the study reach. 
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The first solution to this equation assumed that the surface 
discharge at station S-6 (Figure 8) amounted to the total output from 
the system, that is, groundwater underflow at that cross-section was 
assumed to be negligible. Measured surface flows for the date used 
were substituted into the above equation and the minor tributary 
underflows assumed to be negligible. The remaining input required to 
balance the mass-balance equation was assigned to groundwater flow 
through the S-1 cross section. Darcy's law (Freeze and Cherry, 1979, 
p. 16) provided a value of hydraulic conductivity necessary to allow 
this rate of flow through the S-1 cross-sectional area under the 
measured hydraulic gradient. This value of hydraulic conductivity was 
used to generate estimates of underflow at S-6, S-15 and S-11. These 
values were included in a recalculation of the S-1 to S-6 mass 
balance, resulting in a slight downward revision of the hydraulic 
conductivity calculated for cross—section S-1. For the purposes of 
this calculation, evaporation and evapotranspiration were assumed to 
be negligible. The change in ground-water storage within the study 
reach is calculated from the observed changes in well levels observed 
during the 24 hour period during which the mass-balance data were 
collected. These measured data were converted to a rough 
area-weighted mean change in head over the area of ground-water 
recharge. 
The groundwater velocities presented are derived from the formula 
v=Ki/n 
where v is in units of ft/day, K is the hydraulic conductivity of the 
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Figure B. Study Reach Showing Surface Water Monitoring Sites 
sediments in ft/day, iis the measured hydraulic gradient and the 
porosity n is assigned an assumed value of .25 (Johnson, 1967). 
Six cores were collected from the impoundments for the purpose of 
determining the hydraulic conductivity of the waste material. These 
were extracted by driving two-inch diameter PVC pipe into the 
tailings, capping the eiqposed end and removing the pipe and core. All 
but one of the cores compacted too severely to warrant their use. One 
core, collected near lysimeter P-8, suffered only 8-10% vertical 
compaction through the collection procedure. This core, only about 12 
inches long, was used for the permeameter test. 
In the lab, the PVC was trimmed to the length of the contained core 
and it's ends fitted with spun glass packing and hose fittings. The 
lower hose fitting was connected to a burette filled with water to a 
level near the top of the permeameter column. Once the entire column 
was saturated, a standard falling-head permeameter test (Fetter, 1980) 
determined the vertical hydraulic conductivity of the core. 
Stream Discharge 
Discharge measurements from the nine stations shown in Figure 8 
provided the data used in the surface-water budgets of the study 
reach. Discharge measurements from sites S-1 through S-6 and from S-15 
were made with a Marsh-McBimey Model 201 current velocity meter or, 
on occasion, with a Price Mini current meter; both instruments were 
newly calibrated by the USFS prior to their use in this study. 
Standard USGS procedures for wading stream gaging (Bruce and Clark, 
1980) were used at these sites. 
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All of the small Cox Gulch flow passes through a culvert at S-11. 
The discharge rates for this site are theoretical values based on the 
measured depth of flow and tabulated discharge characteristics of 
pipe-arch culverts (Bethlehem Steel Corp., 1959). S-14 marks the site 
of a minor tributary creek passing near a small caved adit and 
waste-rock pile at the mouth of Lucky Boy Gulch. This discharge was 
occasionally measured using a bucket and a stopwatch. 
During the May-June 1984 runoff period, high flow in Prospect Creek 
made the usual wading discharge measurements impossible. The discharge 
data reported for mainstem prospect Creek during these months were 
collected by the USFS with a bridge mounted current meter at sites S-1 
and S-5. 
Water Quality Samples 
Ground-water and stream samples were collected from the study reach 
on a schedule adjusted to the discharge condition of Prospect Creek. 
The average sampling frequency between January, 1984, and August, 
1984, was approximately 21 days. On most occasions, all of the 
sampling localities (Figures 6 and 8) were visited within a twelve 
hour period. On a few occasions, collecting all of the desired samples 
required two days. 
Surface-water samples were normally pumped directly from mid-stream 
at intermediate depths, using a hand-held peristaltic pump attached to 
an in-line .45 micron membrane filter. Groundwater samples from the 
seven monitoring wells were bailed into a clean, sample-rinsed plastic 
bucket, then filtered through the same pump apparatus used in sampling 
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surface waters. The filter apparatus was rinsed with deionized water 
and flushed with the sampled water source before each use; new filters 
were used for each sanqaling station. 
Early in the study, specific conductance, pH and temperature were 
monitored during bailing tests of USb-1 and USb-2. These parameters 
stabilized after less than one casing volume of water had been removed 
from each. The subsequent sampling protocol at all monitoring wells 
included removing at least one casing volume of ground-water before 
collecting a sample. 
Two samples were collected from USAC supply well #1. These were 
filtered from a sample-rinsed plastic bucket filled from USAC's water 
supply line. The pipeline from the well was allowed to flush 
thoroughly before the sample collections, which were taken at a point 
above the mill's supply tank. 
The usual collection procedure was to sequentially filter from each 
site one-liter samples for gross chemical and trace metal analyses. 
The samples intended for gross chemical analyses, collected first, 
were filtered into new plastic "Cubitainers" and kept chilled for 
delivery to the lab. Those collected for trace metal analyses were 
collected in identical bottles which had been acid washed for two 
hours or more with 5 0% HCl and rinsed three or more times with 
deionized water. These samples were then preserved in the field with 
three milliliters of "Instra-Analyzed" HNC>3, bringing the sample pH 
below EPA's recommended level of 2 for aqueous trace metal 
preservation (United States EPA, 1983)• 
Very cold temperatures on a few midwinter collection dates froze 
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the filtration equipment, preventing field filtration and preservation 
of water samples collected on those dates. A few very turbid 
monitoring well samples also presented field filtration problems. On 
these occasions, raw samples were either frozen or ice-packed in the 
field, then filtered and preserved in the lab within 48 hours of their 
collection. 
Field blanks, consisting of deionized water run through the 
filtration equipment, accompanied the gross chemical samples taken on 
most collection dates. The University of Montana Water Chemistry Lab 
conducted analyses for calcium, magnesium, sodium, potassium, 
bicarbonate, chloride, sulfate, pH and TDS on all of these samples. 
(See Appendix B for a listing of the analytical techniques used.) 
Field blanks and trace metal standards accompanied all trace metal 
samples, which were shipped to Rocky Mountain Analytical Laboratory of 
Denver for analyses of arsenic, antimony, cadmium, copper, iron, 
manganese, nickel, lead and zinc concentrations. 
Whenever practical, field measurements of pH and specific 
conductance accompanied the collection of water samples. A one-time 
dissolved oxygen survey of the monitoring wells employed a YSI model 
54A D.O. meter and model 5739 dissolved oxygen electrode for downhole 
D.0• measurements. 
CHAPTER III 
RESULTS 
Figure 9 shows the apparent geometry of the unconsolidated valley 
fill at six cross-sections across the study reach. These 
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Fitjure 9. Geometry of Unconsolidated Sediments 
interpretations are based on extrapolations of the exposed bedrock 
geomorphology and on site—specific seismic refraction surveys. The 
apparent maximum thickness of unconsolidated sediments ranges from 90 
feet at S-6, below the confluence of Crow Creek and Prospect Creek, to 
about 350 feet at a point south of Everson Gulch and immediately 
downstream of the waste ponds. The only other control on the depth of 
unconsolidated material within the study reach is the USAC water 
supply well; the driller's log for this site indicates a depth of 8 2 
feet to the bedrock contact. 
The cross-sectional area of the sediments increases downstream from 
2 
about 90,0 00 ft in the vicinity of the Cox Gulch access road, section 
2 
A-A*, to a probable maximum of 220,000 ft between cross sections B-B' 
and C-C*, then decreases downstream to a projected area of 
2 approximately 10,000 ft at gaging site S-6 (section F-F'). 
Subsequent analyses of the hydrologic balance of the study reach are 
based on the assumption that all groundwater flow through the reach 
must be transmitted through this alluvial prism of variable 
cross-sectional area. The typically low hydraulic conductivity of Belt 
Series metasediments should render groundwater discharge from these 
rocks to the study reach's alluvial system volumetrically 
insignificant. 
Hydrographs of USb-1 and Usb-2 (Figure 10) and stream discharge 
data (Figure 11) show that ground-water in the study reach is 
unconfined and closely linked to surface flows of Prospect Creek and 
it's tributaries. When USb-1 was constructed in September, 1983, a 
borehole drilled to a depth of over 50 feet below the surface did not 
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intersect the water table. Drilling at USb-2/ adjacent to the dry 
Prospect Creek channel, failed to reach the water table at a depth of 
35 feet in October, 1983- Rechecking USb-2 in late November, 1983, 
revealed the presence of ground-water at 8.67 feet below the land 
surface. The water table was first measured at USb-1 in early January, 
1984, at 8.49 feet below land surface. The hydrographs for these 
wells show winter and early spring fluctuations that reflect the 
streamflow hydrographs for Prospect Creek at the study site and at 
USGS Station 12390700 near the mouth of the creek. May and June runoff 
peaks are seen as fluctuations of a few feet superimposed on an 
already elevated water table. The post runoff decrease in surface 
discharges and the eventual dewatering of the reach in August, 1984, 
parallel roughly exponential drops in the water levels of both wells. 
Water levels in the USAC supply wells varied seasonally by at least 
38 feet during the duration of the study; this resulted in the 
saturated thickness of the aquifer ranging from 30 to 68 feet at that 
point. The water table elevation at monitoring well USb-1, where the 
sediments are inferred to be 150 feet thick, varies seasonally by at 
least 45 feet. (This is a minimum value because the water table drops 
below the well casing late in the year.) In the short term, water 
table changes recorded over several days at USb-1 and USb—2 have been 
as rapid as 1.7 feet/day and 1.0 feet/day, respectively. The low 
frequency and degree of precision of the surface discharge 
measurements prevent any estimate of this small aquifer's time of 
response to a given change in Prospect Creek's flow regime. However, 
these rapid changes in water table elevations indicate that creek 
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recharge variations are reflected very quickly as water table 
fluctuations throughout the aquifer. 
Ground Water Flow 
Figures 12 through 16 represent water table surfaces in the 
vicinity of the pond for selected dates. The potentiometrie data base 
is limited by the small number and shallow depth of the monitoring 
wells. In order to fill this gap, the potentiometric maps incorporate 
several different kinds of data. For figures 12 and 13 the water table 
surface is inferred using water level data from USb-1, USb-2, USAC 
supply well #1, the elevation of the free water surface at gaging 
sites, and estimates of the stream surface elevation at intermediate 
points based on the surveyed slope of the channel. Additional data 
from some or all of wells USb-3 through USb-7 were available from May 
to July, 1984, and these data are used in Figures 14 and 15. By 
mid-August, 1984, these new shallow wells and USb-1 were dry and the 
potentiometric surface could only be broadly inferred from the supply 
well and USb-2 head data (Figure 16). 
These data are sufficient to show a steep hydraulic gradient from 
the S-1 site and USb-2 toward the western end of the ponds. This is a 
predictable effect of the nearby bedrock boundary configuration and 
the rapid ground-water recharge occurring downstream from S-1. 
Cox Gulch, with a measured discharge between 1 and 19 cfs at S-11, 
recharges the ground-water system along the northern boundary of the 
ponds. This recharge must produce the water table mounding and 
flowfield distortion shown beneath the ponds in Figure 15. However, 
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the exact position and size of these equipotential features is 
uncertain. 
Analyses of surface discharge data indicate that Prospect Creek 
continues to recharge the ground-water system at least as far 
downstream as S-2, unless all surface flow has been lost before that 
point. This implies the existence of a northward component of flow 
directed toward the pond's southern edge. This gradient apparently 
restricts flowlines passing beneath the pond to predominantly 
downvalley vectors, with only minor components in the direction of 
prospect Creek's channel. 
Hydraulic Parameters and Water Budget 
There is substantial variation in the hydraulic conductivity (K) 
values calculated for the Prospect Creek sediments (Table 2). The 
slug test method of Bouwer and Rice is easily applied to monitoring 
wells constructed like uSb-1 and USb-2. This test produced values 
ranging from 1.7 to 4.6 ft/day and from 15.5 to 26.0 ft/day, 
respectively, for these two wells. However, other studies have shewn 
this method to produce low values in comparison to those derived by 
other methods (Woessner and Brick, 1983; Dewey, 1984). Hydraulically 
inefficient well casing, a probability here, results in artificially 
low calculated values of K. My test results may also reflect the 
hydraulic characteristics of shallow, relatively fine-grained 
stratigraphic intervals; the poor return of auger cuttings during the 
construction of the monitoring wells prevented any meaningful 
assessment of this possibility. 
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ANALYSIS WELLS TESTED RANGE OF VALUES COMMENTS 
Slug Tests USb-1 1.7 Ft/d to Small volume 
USb-2 26.0 Ft/d of sediments 
tested; measure­
ments difficult 
due to rapid 
recovery; possible 
well inefficiency. 
Larger volume of 
sediments tested; 
discharge control 
inexact; well loss 
unaccounted for. 
Water Budget N.A. 712 Ft/d Entire aquifer 
tested;  evaporat ion 
and evdpot  L 'anspi  ra t  i  on 
unaccounted for .  
Aquifer Test USAC Supply 284 Ft/d 
Well #1 
Table 2. Calculated Values of Hydraulic Conductivity 
The K value produced by the aquifer test on USAC's supply well, 
while much higher than the slug test values, is still inadequate to 
account for the modeled water budget of the study reach. The aquifer 
test data as collected cannot be corrected for well loss although the 
effective partial penetration resulting from the well casing's limited 
perforated interval is accounted for in this value (APPENDIX C, K 
calculations). A well loss correction would increase the K value 
derived from the aquifer test by an unknown amount. 
The hydraulic conductivity value derived from the water-budget 
analysis is subject to uncertainties in discharge measurements, 
gradients, and the porosity of the unconsolidated sediments. It has 
the theoretical advantage of supplying an average K value for a large 
volume of the valley's aquifer, unlike the aquifer test and, 
particularly, the monitoring well slug tests. The ground-water 
velocity and contaminant transport calculations which follow are 
premised on hydraulic conductivity values in the range of 284 to 7 12 
ft/day. 
The vertical hydraulic conductivity of the intact tailings core 
collected near P-8 is 2.8 X 10 ^ ft/day. While this is a reasonable 
value for a silt-sized sediment such as the fine fraction of the USAC 
tailings, this measurement may be artificially low because of the 
8-10% compaction caused by the collection technique used. Several 
other tailings cores collected at various points on the impoundment 
surface compacted so severely (up to 50% shortening) that permeameter 
tests were not attempted on them. It is visually apparent that the 
coarser tailings near the flotation mill outfall, in the vicinity of 
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lysimeters P-2,3,5 and 6, are considerably more permeable than those 
sampled at P-8, but no measured values are available for this area. 
The calculated ground-water velocities in the vicinity of the 
impoundment during the early summer of 1984 were between 13 and 34 
feet per day, based on an assumed porosity of .25 and an average 
gradient of .008. A velocity in this range should transport pond 
contaminants along the shortest apparent flowpath between the pond 
site and Prospect Creek in 122 to 350 days. 
Water Chemistry 
Complete results of the water chemistry analyses are found in 
Appendix B. These show dissolved arsenic and antimony distributed 
throughout the impoundments' interstitial fluids during the study 
period. The extremely high values at P-2 reflect that lysimeter's 
proximity to USAC's leach plant outfall (Lawrence, 1984b). Dissolved 
Fe and Mn were present in much lower concentrations, exceeding 1 mg/1 
only at the P-4 location. The two lower pond samples analyzed for 
- 2  
additional metals contain zinc at the 10 mg/1 level, Cd in in the 
— 2 — 1 
10 to 10 range, and no detectable Cu, Pb or Ni. 
At USb-2, antimony and arsenic concentrations are uniformly below 
the detection limits of .005 mg/1. Iron and manganese concentrations 
in these samples are generally below detection limits, with one 
exception for each element. Additional analyses of a single sample 
found cadmium at a level slightly above it's very low detection limit, 
and no detectable copper, lead, nickel or zinc. The two samples taken 
from USAC supply well #1, which is also upgradient from the pond site, 
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are similar; the one analyzed for cadmium shows a very low background 
concentration; neither contains detectable dissolved antimony or 
arsenic, nor detectable concentrations of any of the other trace metal 
parameters. 
The high concentrations of sodium and sulfate found in the pond 
fluids, shown in Appendix B, allow the use of these ions as 
concentrated tracers of the waste material. Figure 17 gives a 
graphical representation of the typical distribution of water quality 
seen in down-gradient monitoring wells; USb-1,3 and 5 show 
substantially elevated levels of dissolved solids (especially sodium 
and sulfate) relative to USb-2 and the upstream surface water 
stations, while USb-6 is apparently bypassed by the pond discharge. 
Because of the late installation and shallow depth of wells USb-3 
through 7, there are few data reporting directly on the downgradient 
distribution of contaminants. However, Figures 18 and 19 and Appendix 
B show that substances traceable to the waste impoundments first 
appear in Prospect Creek between stations S-2 and S-3, and that this 
pattern persists under a wide range of discharge conditions. The 
restricted distribution of pond contaminants along the northern edge 
of the valley is most easily explained by the northward recharge 
gradient implied by Prospect Creek's loss of surface flow, which 
continues at least as far downstream as the S-2 station. Sediment 
heterogeneities may also play a role in this distribution. 
Figure 20 summarizes the one-time dissolved oxygen survey conducted 
on USb-1,2,4,5 and 6 on June 27, 1984. The intent of this procedure 
was to develop some idea of the relative oxygenation state at these 
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monitoring points. Since no accurate barometric data for the site was 
available, the calculated ratios of oxygen saturation are somewhat 
crude. They do suggest that dissolved oxygen levels in the ground 
water sampled at USb-1 are substantially depressed relative to the 
other monitoring wells both up and down-gradient of the impoundment. 
The USb-1 data further indicate that despite this well's low D.O. 
levels relative to other monitoring points, considerable oxygen 
remains dissolved in ground water quite near the source of 
infiltrating wastes. 
USb-1 is within 100 feet of the lower impoundment, and is shown by 
general chemical data (Appendix B) and by the site's equipotential 
field to be down-gradient from the waste material. The trace metal 
data confirm that this well site received discharge from the USAC 
ponds throughout the study period. The elevated antimony 
concentrations range from .14 to 1.9 mg/1. Four of seven analyses 
failed to detect dissolved arsenic, while the remaining three detected 
— 2 levels only in the 10 mg/1 range. Iron and manganese concentrations 
are variable and appear to be asystematically distributed. The two 
zinc analyses show these samples to contain levels similar to the few 
pond samples analyzed for the element. Detectable levels of copper and 
lead are absent from the two samples analyzed for these elements. 
Cadmium and nickel exceed detection limits in one of two samples 
checked. 
The limited data available from the other monitoring wells show 
antimony concentrations in USb-3,5 and 7 that are substantially above 
the background levels seen in USb-2. USb-4 shows elevated antimony for 
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two of three sampling dates- The two USb-6 samples are free of 
detectable antimony. A total of three out of ten samples taken from 
USb-3 through 7 contain arsenic concentrations slightly above 
detection limits; one of these is from USb-6, an apparently "clean" 
well without detectable antimony. Iron and manganese levels are 
variable and apparently asystematically distributed. 
On most sampling dates. Prospect Creek carried no detectable trace 
metal load into the study area from upstream sources. The antimony 
values recorded for S-1 and S-2 on 2/4/84 probably reflect 
contamination problems with these sample collections. Alternatively, 
soluble antimony may have been introduced to Prospect Creek from the 
USAC access road crossing at S-1. The lack of any detectable antimony 
in the USb-2 sample of 2/4/84 makes it appear unlikely that the .45 
mg/1 value represents the ambient upstream antimony concentration. 
The ground-water in the vicinity of USb-2 appears to be recharged very 
rapidly by the adjacent reach of Prospect Creek; samples collected at 
USb-2 would be expected to be influenced by a "real" antimony 
concentration of .45 mg/1 in Prospect Creek itself. 
The occasional low but measurable antimony and arsenic 
concentrations at the two upstream stations (S-1 and S-2) suggest that 
Prospect Creek may carry fluctuating background levels in this range 
from natural upstream sources. 
With the exception of the 11/27/83 sample collected at S-5, all 
S-3, 4,5 and 6 water samples contain dissolved antimony at or above 
the detection limit of .005 mg/1. Arsenic exceeds it's detection limit 
(also .005 mg/1) only sporadically, while detectable iron and 
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magnesium levels are even less common. The single S-3 sample analyzed 
for additional metals shows a detectable but low cadmium concentration 
and no detectable copper, lead, nickel or zinc. 
None of the regularly sampled (Cox Gulch and Crow Creek) or 
occasionally sampled (S-14 and the "Southern Prospect Creek Seep") 
tributaries entering the study reach carried detectable levels of 
antimony or arsenic on any of the sampling dates. One sample each from 
Cox (S—11) and Lucky Boy (S—14) Gulches contain detectable iron 
concentrations; both of these small streams cross known mineralized 
areas. 
Figure 21 summarizes the results of the agitated water extractions 
carried out on the USAC waste solids. Although the highest antimony 
value occurs at P-1, near the company's leach plant outfall, the range 
of soluble antimony is only one order of magnitude across the seven 
locations sampled. Fairly high levels occur throughout the 
impoundment, with minimum values occurring at the lower levels of the 
upper impoundment's northern edge, near lysimeters P-2 and P-4. 
By contrast, water soluble arsenic levels are low and quite 
variable. Available arsenic levels are maximized in the northern part 
of the upper impoundment, (P-1, P-2 and P-4) and are as much as three 
orders of magnitude lower in the vicinity of P-5 and P-6. 
A calculation based on the waste material's thickness at the nine 
augered lysimeter holes indicates that about 2.8 x 10^ ft^ , or 5.7 5 x 
101^cm^, of USAC wastes occupy the upper and lower impoundments. A 
conservative estimate of the material's bulk density (1.2 g/cm^) gives 
a total mass of approximately 9.5 x 10^ kilograms of waste solids, or 
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as Determined by Agitated Water Extraction 
about 104,500 tons of material. 
Using a simple mean of the soluble antimony values in Appendix A 
produces a value of about 3 .6 X 104 kg (79,200 lbs) of water-soluble 
antimony distributed throughout the impoundment. Deleting the 
extraordinarily high P-1 value reduces this estimate to about 2.8 X 
4 
10 kg (61,600 lbs) of antimony. The equivalent calculation for 
arsenic yields a value of only 1.6 X 103 kg (3520 lbs). 
CHAPTER IV 
DISCUSSION 
The rate of fluid migration out of a waste impoundment overlying 
unsaturated sediments is normally controlled by the vertical hydraulic 
conductivities of the impounded material and whatever lining material 
underlies it. The saturated hydraulic conductivity of the aquifer 
material becomes important only when the water table reaches the level 
of the impoundment (Bouwer, 1982? McWhorter and Nelson, 1980; Zahl and 
Bloomsburg, undated). The construction of the original USAC 
impoundment incorporated a "liner" of bentonitic clay (Frye, 1983). 
Properly constructed bentonite/soil admixtures may have hydraulic 
— 4 
conductivities as low as 1.4 X 10 ft/day, 2 orders of magnitude 
lower than that of USAC's fine tailings fraction. However, the 
construction of USAC's pond liner was probably not carried out 
properly; observers report that a number of uncorrected construction 
flaws may have been incorporated into the bentonitic "liner" (Frye, 
1983). At least one dead standing tree remains in the upper pond, 
it's root system obviously penetrating the bottom of the impoundment. 
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It is unclear whether the lower impoundment was lined at all prior to 
the deposition of fine tailings material in it. Furthermore, a 
bentonite-soil admixture may have been chemically inappropriate for 
USAC's high-solute waste. Stewart (1978)# for instance, presents 
experimental data demonstrating the rapid degradation and failure of a 
bentonite seal exposed to water containing high concentrations of 
sodium sulfate and sodium chloride. 
Finally, there is no evidence that the crests and slopes of the 
confining berms, which are often contacted by ponded and flowing 
mixtures of runoff and discharged process fluids, were treated to 
reduce their permeability. The berms are constructed from the local 
coarse sediments, the permeability of which is discussed above. 
The difficulty of assigning any overall K value to the impoundment 
system should be apparent. Any direct analytical prediction of the 
system's discharge would require knowledge of the true pond 
construction, particularly the existence and permeability of any low-K 
liner. Furthermore, the head data from USb-1 and the USAC supply well 
indicate that an unsaturated zone of variable thickness existed 
beneath the impoundments throughout most or all of the study period. 
This implies that the unsaturated hydraulic conductivity itself a 
function of soil moisture content) must be known or estimated to solve 
the problem directly (McWhorter and Nelson, 1980; Bouwer, 1982). 
Alternatively, an accurate fluid budget for the impoundment system 
would allow for an indirect calculation of it's hydraulic 
conductivity. Since there are no on-site precipitation or 
evapotranspiration data available, this approach is also impractical, 
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and the discussion of the impoundment system's function will have to 
remain a qualitative one. 
The impoundment's probable hydrogeologic behavior during the study 
period can be understood from Figure 22. The saturated fraction of the 
waste material was small during most of the 1983-84 year. Seepage 
rates under these conditions are necessarily low because of the low 
hydraulic head within the impounded material. During the spring 19 84 
snowmelt, the overall hydraulic head of the waste material was 
probably substantially higher, temporarily increasing the seepage rate 
of the impoundment. In addition, fluids flowing about the surface of 
the impoundment during the spring contacted the dividing berms in 
several places, providing direct access to the high-K berm material. 
A similar condition probably exists during the normal operation of 
USAC's flotation mill, when an annual average of up to 25,000 gallons 
per day of process fluid (equivalent to about 3 1 additional inches of 
annual precipitation) may be discharged to the impoundments. 
A conceptual model of contaminant delivery to the Prospect Creek 
groundwater system is suggested by this situation (Figure 23). Under 
the current (non)operating conditions, seepage from the impoundment 
apparently occurs at too low a rate to "mound" the water table beneath 
the site or otherwise affect the local ground-water gradients. 
Unsaturated flow under a vertical hydraulic gradient moves waste 
fluids from the ponds toward the water table. However, some of this 
fluid is temporarily stored as soil moisture in the vadose zone. 
During periods of low water table and a correspondingly thick vadose 
zone, waste fluids are distributed over an interval extending more 
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K ^ r l y  P u m m p r  '  P . O .  
U S A C  
M I L L  
Late Summer '84 
Figure 22. Approximate Area and Thickness of Saturated 
USAC Wastes on Four Dates 
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(Winter) 
(Spring) 
- T  
(Summer) 
(Autumn) 
Figure 23. Digrairanatic View of Proposed Contaminant 
Entrainment Mechanism. (Stippled pattern 
represents pond leachate. Not to scale.) 
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than 50 feet below the impoundment surface (Figure 23A). 
As the water table rises in response to recharge from Prospect 
Creek and it's tributaries, the waste fluids stored in the newly 
saturated sediments are entrained by the rising ground water (Figure 
23B). This produces increased concentrations of waste constituents in 
the ground water flowing beneath the impoundments, and the mixing of 
relatively high-solute water throughout the 50 foot zone of periodic 
saturation. The result is a pulse of ground water rich in waste 
solutes migrating from beneath the site to the east in a down-gradient 
direction (Figure 23C). A sustained high water table allows the 
ground-water flow to purge USAC material from this periodically 
saturated volume of sediment, producing the decreasing contaminant 
concentrations observed. 
Variations in the fluid inputs to the impoundments, caused by 
seasonal precipitation patterns and by changes in USAC operations, 
will also generate fluctuations in the ground-water concentrations of 
the plant's waste products. These variations can be independent of the 
water table's position. It is not possible to quantify the relative 
inputs of direct recharge from the impoundments and vadose zone waste 
entrainment with the available data. However, based on the small 1984 
plant output and the low hydraulic conductivity of the waste solids, 
vadose fluid entrainment appears to have been the dominant process 
affecting contaminant concentrations in ground water during 1984. As 
shown in Appendix B , concentrations of TDS, sodium and sulfate 
increase with a rising water table and decline with time as a high 
water table flow system is sustained. With low flows in Prospect 
-58-
Creek, the corresponding decline in the water table allows the vadose 
zone waste storage cycle to begin again (Figure 23D). 
Predicting solute transport velocities in ground water systems is a 
difficult exercise at best. The 122 to 350 day estimates given earlier 
are steady-state values which do not reflect the changes in 
ground-water gradients that result from the fluctuating recharge 
conditions of Prospect Creek. Aquifer heterogeneities are also 
unaccounted for, so that the actual velocity of a given volume of 
contaminated ground-water may vary substantially from these estimates. 
The water chemistry data summarized in Appendix B are consistent 
with the periodic contaminant mobilization and areally restricted 
transport path described above. Characteristic contaminants from the 
USAC processes appear to travel in a narrow ground-water plume 
parallel to the valley axis. 
Figure 24 shows the qualitative correlation between ground-water 
elevations at USb-1 and the TDS concentrations sampled at that well. 
The ratio SO^ + Na++/TDS is plotted as an indicator of the relative 
importance of USAC's process fluids, which are particularly enriched 
in these ions, to the total dissolved solid load. The February 1984 
data are somewhat confused by the questionable bicarbonate value"of 
February 4; however, the dissolved solid load does appear to drop from 
the early February high which accompanied a midwinter water table 
rise. The major runoff-driven peak in the water table elevation is 
accompanied by strong peaks both in TDS, and in the waste pond 
contribution as reflected by the ratio (SO, + Na)/TDS. Later secondary 
4 
runoff-driven peaks do not appear to produce similar effects in the 
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ground-water chemistry. This suggests that the time between the April 
and May water table peaks was too short for much pond fluid recharge 
of the vadose zone to take place. The slowly dropping water table 
elevations of early summer and the exponential drop of midsummer are 
accompanied by continuous decreases in these chemical parameters. 
Figure 25 shows the qualitative inverse relationship between these 
same chemical parameters at S-3 and Prospect Creek's discharge at the 
USGS gaging station. Bank storage effects and downstream tributary 
contributions make the USGS hydrograph only a general approximation of 
the discharge pattern at S-3; nonetheless it appears that 
concentrations of USAC waste constituents reach a minimum during 
spring's high flow conditions. The total transport of dissolved solids 
during different flow conditions is discussed below. 
Chemical Budgets 
A mass-balance accounting of sulfate, sodium and antimony at the 
various sampling locations shows the relative contribution of uSAC's 
wastes to the dissolved solids load of Prospect Creek as it leaves the 
study reach. Appendix D contains all of the data used in these 
calculations. 
The discharges listed for the surface stations (S-1, S-6, S-11, 
S-14 and S-15) were measured as described earlier. Estimates of the 
probable underflows at S-11 and S-15 are included in these stations' 
discharge values. The S-1 underflow values are based on the local 
hydraulic gradients on these dates and on the hydraulic conductivity 
values developed earlier. 
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The dissolved concentrations used are those measured on the dates 
listed. Dissolved antimony concentrations of less than the .0 05 mg/1 
detection limit obviously do not imply that no antimony exists in 
these samples. Antimony loading calculations for high-Sb (all 
below-limits values calculated as .0 04 mg/1) and low-Sb (all 
below-limits values calculated as .001 mg/1) scenarios are included in 
Appendix D. 
These data show that USAC's wastes and any unaccounted-for sources 
within the study reach contributed less than half the sodium and 
sulfate leaving the study area during the low summer flow conditions 
of 7/20/84. Under the slightly higher, early runoff discharge 
conditions of 4/7/84, somewhat over 60% of the S-6 sodium and sulfate 
load originated from or near the waste impoundments. 
In contrast, USAC's waste apparently contributed at least 75% of 
the total antimony load leaving the study reach on these dates. 
USAC Processes and Waste Geochemistry 
The unusual and complex character of the USAC waste stream makes 
analysis of the site's hydrogeochemistry difficult. A detailed 
discussion of this aspect of the problem is well beyond the scope and 
data limits of this paper. However, some description of USAC's 
processes and effluents will aid in understanding the implications of 
management alternatives. 
The USAC plant is an integrated antimony processing facility, 
including a flotation mill for mechanically concentrating the 
company's locally mined stibnite ore, and a leach plant and recovery 
-63-
circuit producing sodium thioantimonate (NaSbO^) and/or rretallic 
antimony (United States Antimony Corporation, undated). 
The flotation mill predates the downstream processing circuit, 
having been in operation since 1970. Company records indicate that 
174,000 tons of ore passed through this plant between 1970 and 1983. 
Only 6848 tons of this dated from the last two years of record, and 
little or no additional milling occurred during 1984. 
The milling process mechanically concentrates stibnite (S^S^) from 
about 2.5% in the feed ore to 50% in the milled concentrate. The 
remaining crushed rock, ranging in size from fine sand to silt, is 
discharged to the impoundments along with up to 60,0 00 gallons per day 
of water. 
Most of the waste solids and fluids that have entered the 
impoundments were discharged from this plant, entering from a culvert 
near P-1 (Figure 7). Although stibnite is only slightly soluble in 
distilled water at neutral pH (United States EPA, 1976), a 
comprehensive EPA analysis of the USAC flotation mill effluent found 
65 mg/1 dissolved antimony in this waste stream, which was then at a 
pH of 8.3 (United States EPA, 1975. See Appendix E for analytical 
results.) 
USAC's leach circuit converts concentrates into marketable antimony 
products. The stibnite concentrate is dissolved in an aqueous leach 
bath of sodium sulfide (Na^) and sodium hydroxide (NaOH). Stibnite is 
very soluble in this solution, apparently as one or more of several 
thermodynamically possible sulfide complexes (Arntson, 1967; Brookins, 
1972)• Residues from the leaching process are delivered to the 
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tailings impoundment, while the antimony-rich leach solution is 
stripped by oxidation in a low pressure autoclave (producing sodium 
thioantimonate, NaSbO^) or by electrolysis/ producing elemental 
antimony (Lawrence, 1984b). The company reports that their 
electrowinning process is capable of stripping the leach solution only 
down to a concentration of 5,000 mg/1 dissolved antimony. The 
electrolytic leach fluid becomes poisoned by sulfates and other 
undesirable compounds after a few electrowinning cycles; the unusable 
electrolyte can then be sent to the autoclave, where oxidation 
reportedly removes virtually all antimony from solution, or discarded 
to the impoundment as a concentrated solution containing no less than 
5,000 mg/1 antimony (Lawrence, 1984). 
Although the 1975 EPA analysis of USAC's volumetrically dominant 
flotation mill discharge showed very low levels of dissolved arsenic 
(Appendix B ), most of the 1983-84 lysimeter samplings contained 
arsenic at levels slightly to moderately higher than those of antimony 
(Appendix A)• These samples are limited in number, but represent a 
reasonable spatial distribution within the impoundment. 
By contrast, the most frequently sampled down-gradient monitoring 
well, USb-1, shows maximum arsenic levels at least two orders of 
magnitude lower than corresponding antimony concentrations; often the 
Sb:As ratio is even higher than that. Although various authors report 
on or imply similarities between the environmental behaviors of 
antimony and arsenic in various types of systems (Crecelius et al., 
1975; Brannon, 1983; United States EPA, 1976), it is apparent that 
USAC's dissolved antimony remains much more soluble in Prospect 
-65-
Creek's neutral-pH, oxygenated system than does the arsenic also 
dissolved in the waste stream. 
The antimony and arsenic sulfides generated in the leaching process 
(nominally Na^SbS^ and Na^AsS^, probably actually one or more sulfide 
complexes (Arntson et al. , 1966))/ are not equilibrium species in an 
oxygenated ground—water environment. It seems probable that some of 
the accumulated waste material is in an anaerobic state; auger 
cuttings examined during the lysimeter installations gave the 
appearance of alternating reduced and oxidated material. In this 
environment, various reduced arsenic and antimony species may be 
stable. However, equilibrium arsenic and antimony species exposed to 
the well-flushed Prospect Creek ground water system should be oxidized 
to their 5+ valence states. Soluble arsenic persisting in the ground 
water system would presumably be mostly in the common aqueous form of 
arsenic acid, H_AsO. and it's anion, H_AsO. (Brannon, 1983). Most 
3 4 2 4 
relevant studies suggest an analogous form of antimony(V), although 
the data is less complete (Andrae et al, 1981; Brannon, 1983). 
The divergent behavior of antimony and arsenic in this situation, 
as seen in ground water and in the leachate generated from USAC's 
waste solids, can be attributed to several possible factors. Any or 
all of these may contribute to this effect; the data at hand are 
inadequate to resolve their relative importance. 
The distinct behavior of the two elements may simply reflect 
differences in the water solubility of the two pentavalent ions; the 
"EP toxicity test" agitations (Figure 22) were conducted in the 
presence of atmospheric oxygen, suggesting that the sulfide formation 
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(AS2S3 (s)^ postulated by USAC may not account for the low dissolved 
arsenic levels found in most of the leachates. This mechanism may be 
more likely in anaerobic intervals of the waste impoundment. Insoluble 
arsenate phases such as Ca^(AsO^) may play a role in immobilizing 
oxidized arsenic. 
Antimony and arsenic partitioning might also reflect differences in 
the adsorption of their aqueous species by the sediments contacting 
the discharged waste fluids. The dissociated ion of arsenic acid 
H^AsO^ is known to be strongly adsorbed by iron and aluminum 
hydroxides (Brannon, 1983; Pierce, 1982; Crecelius et al., 1975); in 
some systems at least, it appears that antimony species are less 
effectively bound in this manner (Crecelius et al, 1975). 
Finally, it is worth noting that dissolved antimony and arsenic 
species found in close proximity to an unusual chemical environment 
such as USAC's waste imoundment may not reflect the equilibrium state 
of the two elements; persistent nonequilibrium dissolved species of 
antimony might result in greater local mobility relative to arsenic, 
since the 5+ forms of these elements may be the most readily adsorbed 
(Brannon, 1983). 
CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
The USAC impoundment delivers waste products, including dissolved 
antimony, to the water of Prospect Creek. A cyclic ground water 
entrainment mechanism is the best explanation of the observed pattern 
in ground-water contaminant concentrations. Antimony concentrations 
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in Prospect Creek can locally exceed EPA's recommended 24 hour 
criteria for the health of aquatic life, .146 mg/1 (United States EPA, 
1979) ; downstream dilution reduces these to a level below all EPA 
criteria within one mile or less. Although there is some debate as to 
what, if any, effect antimony concentrations in the low mg/1 range or 
less may have on human health (United States EPA, 1976 and 1979), the 
possibility of chronic effects on aquatic organisms is enough to make 
this situation undesirable. Furthermore, the operation violates 
several State and Federal laws by indirectly discharging effluents to 
Prospect Creek without an MPDES permit, by degrading ground water off 
of the company's permitted acreage, and by discharging effluents 
contrary to it's Department of State Lands Operating Permit and USFS 
Operating Plan. 
Preliminary lab data suggest that a large reservoir of soluble 
antimony remains in the waste and will continue to provide a low-grade 
source of contamination to the Prospect Creek system as long as 
precipitation and/or process fluids enter the impoundment. In 
addition, it is apparent that physical erosion of the waste site by 
flood discharges down Prospect Creek or Cox Gulch could introduce 
rather high levels of dissolved antimony, sodium and sulfate into 
Prospect Creek. Arsenic introduced to Prospect Creek in this way would 
probably not be very soluble in the local system. 
USAC has proposed isolating the outfall from the leach plant and 
electrolytic refinery in a seperate sealed system in order to prevent 
further antimony discharges to the ground water system (Lawrence, 
1984b). This would do nothing to immobilize the existing reservoir of 
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mobile antimony, which is widespread throughout the tailings; nor 
would it prevent the dissolved antimony identified by the EPA in the 
flotation mill outfall from following the same pathway into the 
hydrologic system, should milling become important again. 
Simple neutralization of the waste material does not appear to be 
effective in immobilizing the antimony form(s) present. This is not to 
say that chemical treatments might not tie up the antimony in the 
impoundment. However, accompanying effects on the waste material's 
other constituents might not be desirable, and would have to be 
carefully considered in any such scheme. As an extreme case in point, 
nitric acid has been shown to oxidize USAC's waste antimony into a 
highly insoluble form, but the resulting pH reduction would be 
ejected to increase the solubility of other metals known to occur in 
the waste. 
Further work should be focused on the long-term stability of solid 
phases existing in the USAC impoundment and on the reactivity of 
aqueous antimony species with sedimentary materials. 
Eventual reclamation plans will have to consider ways to prevent 
infiltration of precipitation through the waste material, as this is 
the only likely modification that will "turn off" the vadose fluid 
mobilization mechanism described earlier. Conversely, increasing the 
fluid inputs to the impoundment (by restarting the flotation mill, for 
instance) will increase the rate at which contaminants are delivered 
to the underlying vadose zone. 
There is a strong possibility that other drainages in the Coeur 
D'Alene mountains and the neighboring Cabinet Range have ground-water 
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systems which oscillate similarly to prospect Creek's. Active mineral 
exploration and development programs encompass much of this area. 
Since discharge patterns and resulting contaminant concentrations can 
be dependent on these seasonal fluctuations, no waste disposal sites 
should be developed without a thorough understanding of the site's 
natural ground water dynamics and the probable interaction of waste 
impoundment discharges with them. 
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APPENDIX A 
TAILINGS LEACH ATE SPECIFICATIONS 
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Sample Origin Quantity Acidified 
P2, lower 
interval 20 g yes 
P3, lower 
interval " " 
P4, lower 
interval " no 
P5 yes 
yes 
P6, lower 
interval " yes 
Final pH Soluble Sb Soluble As 
5.05 .160 mg/g 
4.5 .170 mg/g 
5.05 .450 mg/g 
4.15 .084 mg/g 
4.1 .078 niy/g 
6.65 .276 mg/g 
6.45 .412 mg/y 
6.45 .368 my/y 
.060 mg/y 
.067 my/y 
.0082 mg/g 
.0198 mgA| 
.0154 my/g 
.000066 
my/y 
.000078 
my/y 
.000078 
my/q 
APPENDIX B 
RESULTS OF CHEMICAL ANALYSES 
AND LIST OF ANALYTICAL METHODS 
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11/27/83 2/4/84 2/23/34 
TDS 17.7 17.5 
Bicarbonate 
(calculated) 
10:4 10.5 
Sulfate 2.7 2.2 
Chloride BDL 0.18 
Sodium 1.3 1.4 
Calcium 1.9 2.1 
Magnesium 0.8 0.6 
Potassium 0.3 0.3 
Antimony BDL 0.45 BDL 
Arsenic BDL BDL BDL 
Iron BDL BDL BDL 
Manganese 0.048 BDL BDL 
Cadmium BDL 
Copper BDL 
Lead BDL 
Nickel BDL 
7, inc BDL 
KOI, = Uulow DuLect ion l.inuts 
S - 1 
3/17/84 
7.0 
19.2 
11.3 
2.5 
0.22 
1.4 
2 . 1  
0.8 
0.4 
BDL 
BDL 
BDL 
BDL 
4/7/84 
7.1 
16.9 
1 0 . 2  
2.3 
0.17 
1.4 
1 . 8  
0.7 
0.3 
BDL 
BDL 
BDL 
BDL 
4/20/84 
7.0 
15.5 
1 0 . 2  
1.9 
0.19 
1.4 
1.7 
0.7 
0.3 
0.006 
BDL 
BDL 
BDL 
5/19/84 
7.1 
17.0 
10.3 
1.7 
0.15 
1 . 2  
1 . 8  
0.7 
0.3 
BDL 
BDL 
0.03 
BDL 
6/16/84 
7.0 
10.9 
6.7 
1.3 
0.13 
0.9 
1 . 2  
0.4 
0.3 
BDL 
BDL 
BDL 
BDL 
7/21/84 
7.2 
15.5 
9.5 
1 . 8  
0.13 
1.3 
1.5 
0.7 
0.3 
BDL 
BDL 
BDL 
BDL 
Not Analyze! All c o i K-uritrat ions in mi 1 I n|i ains/ 1 i t et 
PH 
(lab) 
TDS 
Bicarbonate 
(calculated) 
Sulfate 
Chloride 
Sodium 
Calcium 
Magnesium 
Potassium 
Antimony 
Arsenic 
Iron 
Manganese 
Cadmium 
Copper 
Lead 
Nickel 
Z i iic 
2/4/84 
6.7 
1 6 . 1  
9.4 
2.4 
BDL 
1.3 
1.7 
0 . 6  
0.3 
0.005 
BDL 
BDL 
BDL 
S - 2 
4/7/84 
7.1 
16.6  
1 0 . 1  
2 . 2  
0.19 
1.4 
1 . 8  
0.7 
0.3 
BDL 
BDL 
BDL 
BDL 
6/16/84 
7.1 
10.6  
6.3 
1.3 
0 .10  
0.9 
1 . 1  
0.4 
0 . 2  
BDL 
0.005 
BDL 
BDL 
2/4/84 3/17/84 
PH 
(lab) 
6.5 6.8 
TDS 56.0 33.8 
Bicarbonate 
(calculated) 
10.8 14.4 
Sulfate 28.0 10.4 
Chloride 
o
 • 
o
 0.33 
Sodium 11.9 6.9 
Calcium 2.5 1.8 
Magnesium 1.3 0.7 
Potassium 0.5 0.5 
Antimony 0.14 0.080 
Arsenic BDL BDL 
Iron BDL BDL 
Manganese BDL BDL 
Cadmium 0.005 
Copper BDL 
Lead BDL 
Nickel BDL 
7, inc.- BDL 
S - 3 
4/7/84 4/20/84 5/19/84 6/16/84 7/21/84 
7.0 6.6 
12.7 25.5 
7.0 9.8 
2 . 0  8 . 0  
0 . 1 1  0 . 2 0  
1.5 5.0 
1 . 1  1 . 1  
0.4 0.6 
0.2 0. -1 
0.021 0.025 0.(iBL> 
0.005 BDL BDL 
BDL BDL BDL 
BDL BDL BDL 
6.7 7.0 
42.2 17.3 
9.9 10.0 
21.5 3.1 
0.52 0.19
9.5 2.1 
2.2 1.7 
1.1 0.6 
0.4 0.3 
0.064 0.025 
BDL BDL 
BDL BDL 
BDL BDL 
PH 
(lab) 
TDS 
Bicarbonate 
(calculated) 
Sulfate 
Chloride 
Sodium 
Calcium 
Magnesium 
Potassium 
Antimony 
Arsenic 
I ron 
Manganese 
Cadmium 
Copper 
Lead 
N i ck e 1 
Zinc 
2/4/84 
6  .6  
35.1 
1 2 . 8  
12.3 
0.30 
6 . 1  
2.3 
1 . 0  
0.4 
0.037 
BDL 
0 .06  
BDL 
S - 4 
6/16/84 
7.0 
12.5 
7.1 
1 . 8  
0.14 
1.3 
1.2 
0.4 
0.3 
0.016 
BDL 
BDL 
BDL 
7/21/84 
7.0 
16.4 
9.8 
2 . 1  
0.13 
2 . 2  
1 . 1  
0 . 6  
0.3 
0 .028  
BDL 
BDL 
BDL 
8/18/84 
7.0 
19.5 
11 .0  
3.1 
0.55 
2 . 0  
1  . 8  
0.9 
0.3 
0.140 
BDL 
BDL 
BDL 
12/6/83 2/4/84 2/23 3/17 4/7 4/20 5/19 6/16 7/21 8/18/8' 
PH 
(lab) 
6.6 7.0 6.8 7.1 7.0 7.1 7.0 7.0 6.9 
TDS 28.7 28.8 27.5 26.4 18.6 20.4 14.5 20.2 23.3 
Bicarbonate 
(calculated) 
14.2 15.8 15.8 13.0 11.1 11.6 8.5 12.5 14.6 
Sulfate 6.3 5.3 5.1 6.4 2.7 2.4 1.8 2.1 2. 3 
Chloride BDL 0.27 0.23 0.24 0.20 0.17 0.14 0.15 0.53 
Sodium 3.4 3.0 3.4 3.7 1.9 1.8 1.4 1.9 1.8 
Calcium 2.5 2.9 2.5 2.2 1.9 2.0 1.4 1.9 2.5 
Magnesium 1.0 1.0 1.0 0.9 0.7 0.7 0.5 0.8 1.1 
Potassium 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Antimony BDL 0.015 0.008 0.020 0.024 0.015 0.018 0.012 0.018 0.008 
Arsenic BDL BDL BDL BDL BDL 0.005 BDL BDL BDL BDL 
Iron BDL BDL BDL BDL BDL BDL 0.27 BDL BDL BDL 
Manganese BDL BDL BDL BDL BDL BDL 0.089 BDL BDL BDL 
Cadmium 
Copper 
Lead 
Nickel 
Zinc 
S - 6 
I 
00 
to 
1 
PH 
(lab) 
2/4/84 2/23/84 3/17/84 4/7/84 4/20/84 5/19/84 6/16/84 7/21/84 8/18/84 
7.0 7.2 7.2 7.2 7.1 7.2 7.1 7.3 7.2 
TDS 33.6 30.7 31.0 30.5 20.9 23.7 16.2 26.0 27.5 
Bicarbonate 
(calculated) 
16.2 17.5 17.8 16.4 12.6 14.5 10.1 16.7 18.5 
Sulfate 7.4 4.8 5.5 6.2 2.6 2.5 1.7 2.3 2.1 
Chloride BDL 0.37 0.22 0.27 0.21 0.18 0.11 0.19 0.30 
Sodium 3.9 2.8 3.3 3.4 1.9 1.8 1.3 1.9 1.9 
Calcium 3.0 3.2 3.4 3.0 2.2 2.5 1.8 3.0 3.1 
Magnesium 1.1 1.3 1.1 1.2 0.8 1.0 0.6 1.1 1.3 
Potassium 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0. 35 
Antimony 0.023 0.005 0.022 0.019 0.016 0.016 0.087 0.013 0.005 
Arsenic 0.005 BDL BDL BDL BDL BDL 0.007 BDL BDL 
I ron BDL BDL BDL BDL BDL BDL BDL BDL BDL 
Manganese BDL BDL BDL BDL BDL BDL BDL BDL BDL 
Cadmium 
Copper 
Lead 
Nickel 
Zi nc 
pH 
(lab) 
TDS 
Bicarbonate 
(calculated) 
Sulfate 
Chloride 
Sodium 
Calcium 
Magnesium 
Potassium 
Antimony 
Arsenic 
Iron 
Manganese 
Cadmium 
Copper 
Lead 
3/17/84 
7.0 
21 .0  
14.2 
2 . 1  
0.25 
2 . 0  
2 . 1  
1 . 0  
0.4 
BDL 
BDL 
BDL 
BDL 
S - 11 
4/7/84 
7.0 
19.4 
10.5 
4.1 
0 . 2 1  
1.9 
1.9 
0.9 
0.4 
BDL 
BDL 
BDL 
BDL 
5/19/84 
7.1 
17.4 
8.9 
2.7 
0.19 
1.7 
1.5 
0 . 6  
0.3 
BDL 
BDL 
BDL 
BDL 
6/16/84 
7.2 
1 8 . 0  
9.8 
3.0 
0.14 
1 . 8  
1 . 6  
0.7 
0.4 
BDL 
BDL 
0.032 
BDL 
PH 
(lab) 
TDS 
Bicarbonate 
(calculated) 
Sulfate 
Chloride 
Sodium 
Calcium 
Manganese 
Potassium 
Antimony 
Arsenic 
Iron 
Manganese 
Cadmium 
Copper 
Lead 
3/17/84 4/7/84 
7.3 7.6 
51.7 57.2 
37.2 41.1 
1.7 1.6 
0 . 2 2  0 . 2 1  
1.4 1.4 
8.0 8.9 
2.2 2.4 
0.3 0.3 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
S - 15 
4/20/84 
7.6 
44.3 
32. 3 
1.4 
0 . 2 0  
1 . 1  
7.0 
1.9 
0.3 
BDL 
BDL 
BDL 
BDL 
5/19/84 
7.5 
47.1 
34.5 
1.2 
0.27 
1.2 
7.1 
2 . 2  
0.3 
BDL 
BDL 
BDL 
BDL 
6/16/84 
7.6 
27.4 
24.4 
BDL 
0.14 
0.7 
5.2 
1.4 
0.3 
BDL 
BDL 
BDL 
BDL 
7/21/84 
7.6 
50.0 
34.9 
1 . 2  
0.13 
1 . 0  
7.5 
2 . 1  
0.3 
BDL 
BDL 
BDL 
BDL 
8/18/84 
7.4 
53. 3 
39.0 
1 . 2  
0.49 
1.3 
7.9 
2 . 6  
0.4 
BDL 
BDL 
BDL 
BDL 
2/4/84 2/23/84 
pH 
(lab) 
7.3 6.9 
TDS 172.8 74.4 
Bicarbonate 
(calculated) 
70.0 21.6 
Sulfate 51.2 30.6 
Chloride 1.60 0.99 
Sodium 41.6 17.9 
Calcium 4.5 2.3 
Magnesium 1.5 0.9 
Potassium 3.9 2.0 
Antimony 0.63 0.56 
Arsenic BDL BDL 
Iron 0.04 BDL 
Manganese 0.03 0.03 
Cadmium 
Copper 
Lead 
;jicke 1 
Z i lie 
USb - 1 
3/17/84 
6.7 
93.4 
1 8 . 1  
45.6 
0.79 
27.2 
0 . 8  
0.3 
0 . 8  
1.30 
0.012 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
0 . 012  
4/7/84 
7.0 
6 6 . 2  
24.8 
29.8 
0.91 
2 2 . 1  
0 . 8  
0.4 
0.9 
0.14 
BDL 
0.54 
BDL 
4/20/84 
6.8 
214.0 
25.4 
125.0 
2 . 1 0  
65.1 
3.1 
0.7 
1.4 
1.70 
BDL 
0 . 2 6  
0 . 0 2  
0 .002  
BDL 
BDL 
0.04 
0.034 
5/20/84 
7.0 
143.4 
24.7 
74.4 
1 . 1 2  
43.2 
0.7 
0.4 
1.4 
6/16/84 
7.1 
86.3 
28.3 
35.4 
0.55 
27.2 
0 . 2  
0 . 1  
0 . 6  
1.90 
0.019 
BDL 
BDL 
7/21/84 
7.1 
54.1 
2.7.0 
15.1 
0.35 
17.0 
0.2 
0 . 1  
0.3 
1.60 
0.033 
0 .26  
BDL 
USb 
1/18/84 2/4/84 2/23/84 
PH 
(lab) 
6.7 6.5 6.9 
TDS 20.1 19.5 18.2 
Bicarbonate 
(calculated) 
11.6 10.2 10.4 
Sulfate 3.1 3.0 2.8 
Chloride BDL 0.40 0.26 
Sodium 1.8 1.5 1.5 
C ale iii::. 2.2 2.1 2.2 
Magnesium 0.7 0.7 0.6 
Potassium 0.3 0.5 0.4 
Antimony BDL BDL BDL 
Arsenic BDL BDL BDL 
I ron 0.095 BDL BDL 
Manganese BDL 
i  
BDL BDL 
Cadmium 
Copper 
2 
3/17/84 
6 . 8  
18.8  
11.0  
2 . 6  
0.19 
1.4 
2 . 2  
0.7 
0.4 
BDL 
BDL 
BDL 
BDL 
0.003 
BDL 
BDL 
BDL 
BDL 
4/20/84 
6 . 8  
16.9 
9.5 
2 . 6  
0 . 2 2  
1.4 
1.9 
0.7 
0.3 
BDL 
BDL 
BDL 
BDL 
5/20/84 
6.9 
17.1 
10 .1  
1 . 8  
0.15 
1.4 
1.5 
0.7 
0.3 
BDL 
BDL 
BDL 
BDL 
6/16/84 
6 . 8  
14.5 
8 . 2  
1 . 8  
0 . 1 6  
1.3 
1.4 
0.5 
0.3 
BDL 
BDL 
BDL 
BDL 
7/20/84 
6.8 
15.1 
9.7 
1.4 
0 . 1 6  
1.3 
1.4 
0.7 
0.3 
BDL 
BDL 
BDL 
BDL 
USb - 3 
5/19/84 6/17/84 
PH 
(lab 
7.1 6.5 
TDS 32.5 85.1 
Bicarbonate 
(calculated) 
16.3 24.3 
Sulfate 5.8 39.6 
Chloride 0.65 0.58 
Sodium 6.8 24.2 
Calcium 0.9 1.7 
Magnesium 0.3 0.9 
Potassium 1.6 1.3 
Antimony 0.24 1.50 
Arsenic BDL 0.011 
Iron 0.13 0.11 
Manganese 0.18 0.035 
Cadmium 
Copper 
Lead 
Nickel 
USb - 4 
5/19/84 6/17/84 7/20/84 
7.0 6.6 6.8 
21.9 13.5 13.2 
11.4 8.5 7.6 
3.6 1.4 1.5 
0.37 0.12 0.39 
1.9 1.2 1.2 
2.1 1.4 1.1 
0.7 0.5 0.6 
1.0 0.3 0.4 
0.010 RDL 0.016 
BDL BDL BDL 
0.16 BDL BDL 
0.081 BDL BDL 
USb 
pH 
(lab) 
TDS 
Eicarbonate 
(measured) 
Sulfate 
Chloride 
Sodium 
Calcium 
Kagnesium 
Fotassium 
Antimony 
Arsenic 
I ron 
Kanganese 
Cadmium 
Copper 
Lead 
5/20/84 
7.2 
38.6 
2 1 . 6  
4.2 
1.98 
3.8 
2.9 
1 . 6  
2 . 1  
0.010 
0.005 
0.010 
0.270 
5 USb - 6 
6/16/84 
6 . 6  
2 6 . 6  
12.1 
6 . 2  
0.23 
3.6 
1.7 
0.9 
0.7 
0.017 
BDL 
BDL 
0.020 
5/20/84 
7.1 
2 1 . 8  
12.4 
3.3 
0.33 
1.9 
1.2 
0.7 
1.2 
BDL 
BDL 
0 . 8 1  
0.079 
6/16/84 
6 . 8  
13.5 
8.4 
1.4 
0.13 
1 . 1  
1.4 
0.5 
0.4 
BDL 
0.006 
BDL 
BDL 
USAC 
Supply Well 
pH 
(lab) 
TDS 
Bicarbonate 
(calculated) 
Sulfate 
Chloride 
Sodium 
Calcium 
Magnesium 
Potassium 
Antimony 
Arsenic 
Iron 
Manganese 
Cadmium 
Copper 
I.oad 
N1 eke 1 
Z ] nc 
4/20/84 7/20/84 
6 . 8  6 . 6  
16.1 17.0 
9.8 10.3 
2.6  1 .8  
0 . 2 2  0 . 2 0  
1.8 1.7 
1.5 1.4 
0.6 0.7 
0.3 0.4 
BDL BDL 
BDL BDL 
BDL BDL 
BDL BDL 
0 . 0 0 2  
BDL 
BDL 
BDL 
BDL 
Southern Prospect 
Creek Seep 
6/16/84 
7.2 
18.9 
] 0.3 
2.7 
0 . 2 0  
2.3 
1.4 
0 . 6  
0.4 
BDL 
BDL 
BDL 
BDL 
P-1 
2/6/84 
P-2 
11/27/83 
P-2 
8/18/84 
P-4 
12/6, 
Sodium 2185 630 — 
Sulfate 2063 — 
Antimony 89.0 100 6.3 
1 
'p Arsenic 410.0 380 40.0 
t. J 
1 Iron BDL 0.40 2.4 
Manganese 0.12 0.17 3.0 
Cadmium — 
Copper — 
Lead — 
Nickel — 
Zinc 
P-4 P-4 P-5 p-7 p-9 P-9 
2/6/84 8/18/84 11/27/83 11/27/83 12/6/83 2/6/84 
2575 — 638 
4800 572 
4.7 15.0 11.0 29.0 
2B.0 24.0 6.3 34.0 
2.7 0.53 BDL BDL 
2.5 0.047 0.064 BDL 
0.052 0.29 
BDL BDL 
BDL BDL 
BDL BDL 
0.017 0.014 
Water Soluble, 
waste extractions 
Sample location Extract conc. Extracted Sb Total soluble Sb 
(Sb in mg/1) (mg/100 ml water) (mg/gram waste solids) 
P-1, upper 
composited interval 42.4 4.25 .848 
P-5, intermediate 
composited interval 13.8 
20 .6  
mean = 17.2 1.72 ,144 
F-4, lower 
composited interval 3.9 
4.2 
mean - 4.05 .405 .081 
P-3, lower 
cum|>osited interval 22.5 2.25 .450 
17.B 1.78 .356 
\ ' - 2  ,  lower 
i.umj'osited interval 8.3 
8 . 2  
mean ^ 8.25 .825 .165 
I * - (,, ) (iwo r 
i < ifn| x Jo j t c*d interval llJ.J 1.93 .368 
= . i 71. iiuj 'q 
ixtract conc. 
(As in mg/1) 
Extracted As Total soluble As 
(mg/100 ml water) (mg/gram waste solids) 
l.j 0.13 0.026 
0.0033 
0.0039 
mean * .0036 0.00036 .000072 
0.77 
0.99 
mean = 0.88 0.088 0.0176 
0.41 0.041 0.0082 
0.015 0.0015 0.0003 
3.3 
3.0 
mean = 3.15 0.315 0.063 
0.0039 0.00039 0.000H7H 
nit• an « G. 01 ii'» m<| '>j 
ANTIMONY STANDARDS 
Standard # True Value Sample # Reported Value 
EPA WP 581 
(conc. 1) .008 mg/1 TF 077 .007 mg/1 
II  II  TF 094 .006 mg/1 
EPA WP 581 
(conc. 2) .098 mg/1 TF 056 .072 mg/1 
I t  II  TF 107 .073 mg/1 
TRACE METAL FIELD BLANKS 
Date Sample # Detectable Metals 
12/6/83 TF 017 As - .11 mg/1 Sb - .11 mg/1 * 
2/23/84 TF 030 As, Sb both below limits. Fe - .068 mq/1 
4/22/84 TF 061 As, Sb, Fe, Mn all below limits 
6/17/84 TF 082 As, Sb, Fe, Mn all below limits 
7/20/84 TF 104 Sb - .005 mg/1. Others below limits 
B/18/84 TF 115 As. Sb, Fe, Mn all below limits 
* l-'ol lowed >ond samp.l i ncj . Tic >b.ibly invalidates TF 0 18. 
Analytical 
Parameter 
Antimony 
Arsenic 
Cadmium 
Copper 
Iron 
Lead 
Manganese 
Nickel 
Zinc 
Method 
Furnace AA 
ICP Emission Spec. 
L ) l -  t  ection 
), i mits 
.005 mg/1 
.005 mg/1 
.001 mg/1 
.01 mg/1 
.03 mg/1 
.01 mg/1 
.02 mg/1 
.03 mg/1 
.01 mg/1 
Reference 
1 
1 
2 
204.2 
2 0 6 . 2  
I 
W 
I 
Calcium 
Magnesium 
Potassium 
Sodium 
Chloride 
Sulfate 
Bicarbonate 
pH (lab) 
Total Dissolved Solids 
Flame AA 
Colorimetric 
Turbidimetric 
Titration 
Meter (Reckman 350) 
Calculated 
1 
1 
1 
1 
1 
3 
4 
215.1 
242.1 
258.1 
273.1 
325.1 
496 
43 
Refer ences 
1. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020, 
EMSL, Cincinnati, OH. 1979. 
2. Federal Register, 40 CFR 136, December 3, 1979; USEPA EMSL, Cincinnati, oil. 
3. AI 'HA r AWWA, WPCF, 197f>. Standard Methods for the Examination of Water and 
Wastewater. Am. Public Health Assoc., 14th edition. 
'1. U.S. Cool. Survey, 1972. Recommended Meth<xis for Water Date Acquisition. 
I)e|>I . ol I ill ei i or , DSCS. 
APPENDIX C 
CALCULATIONS USED IN 
AQUIFER TEST ANALYSES 
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Q = 105 gpm (calculated from pipe-flow characteristics) 
= .25 ft (radius of USAC #1 well casing) 
r2 = 90 ft (distance to USAC #2 observation well) 
h-L = 65.11 ft 
h 2  =  6 3 . 0 3  f t  
K = u2 7r (h 1  -  h 2 )  • ln(r1/r2) 
= 151200 gpd 
837 ft2" * 5.886 
= 1063.28 g/d/ft2 = 5 X 10"2 cm/sec 
Casing Correction (after Walton, 1970 , p.315) for 12 ft 
interval of perforation. 
K = * [vi+74ppKcos •§$) 
Kp = .1875 rw = .25 ft m = 64 ft 
Q/Sp = 1 0 0  g p m / 1 . 5 4  f t £ l 8 7 5 ( l + 7  .  2 5 / ( 2 )  ( .  1 8 7 5 )  (64) X 
cos .18759T/2J 
Corrected drawdown s = .495 ft at pumping well 
± j  2_^ /i mc 2' 
= 2120 g/d/ft'' 
Corrected K = 105 gpm/ (65.11 -64.075 ) • 5.886 
, 2 
-95-
APPENDIX D 
MASS BALANCE AND 
CONTAMINANT FLUX DATA 
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Chemical mass balance parameters for the dates 7/20/84 (top) and 4/7/84 (bottom) 
S-15 + Underf iow S- U  *  o-o net attriDuiiole 
S-6 underflow S-1 at S-1 S-14 underflow to waste ponds and 
Jtner sources 
Discnarge 54.8 cfs 12.3 cfs 18.6 cfi 12.9 cfs .012 cfs 2.0 _-rs 
i 
30 
4 
mq/1 2.3 1.2 1.8 1.4 3.6 3.0 
ib/day 678.7 7 9 . 5  180.4 97.2 .56 32.3 2 3 3. .3 
Na 
mg/1 1.9 1.0 1.3 1.3 3.9 i . e  
lb/day 560. 7 66. 2 130.3 90.3 0.25 19.4 254. 3 
Sb 
mg/1 
Lb/dav 
0.013 
3.84 
.004* 
.265" 
.004* 
.40 * 
.004' 
. 278' 
.004* ^ 
-4* 
2.6 :< 10 
.004* 
.043" 2.35' 
.001** 
.066** 
.001" 
. 10 *" 
.001** 
.Jb9** 
.001 ** 
-5*" 
•3-D \ 10 
.001** 
.011** •J 59 * * 
S - 6 
S-15 v 
under;low S-1 
Under r low 
at S-1 S-14 
S-ll f 
unaerflow 
5-6 .1 e z  jttribut 
zo waste Donds ana 
"? r c.~>u r -
Di scn.i i 34.3 _-:s 12.5 cts 39.0 cts 14.0 c f i .10 prs 10. 3 
so, 
Hi'), 1 6.2 1 .6 2 . 3 2.3 6. 1 4.1 
Ib/djy 2834. -1 107.7 483.0 173.4 3.3 227.4 13 3.}.n 
N.i 
mij ' 1 3.4 1 .4 1.4 1.4 2.7 L 
Lb/day 15L. 4 . 3 94 .2 294 .0 105.5 1.5 105.4 95 J . 7 
:,ti 
in. | - 1 .019 .004' . OIM * .JO 4* . 004 • . 004* 
.!>/.!.iv 8. i.'J 
.001*• 
. .34* 
.001•' 
;OJ * 
. 1 - -
2.15 \ 1o"j» 
.001 " 
2 2 2 * 
.J01 • * 
7.0': • 
. ;li, ; " .2 1 "  .075" i.38 * 10-J"* .055" •3.: ̂ • 
"( p 1.1 - ' '1 - i >' p11Hi [ 1 Oil . " i iW- ' 1 - •. . i.• • : t I • ifi , 
* 
Downstream flux of dissolved 
antimony in Prospect Creek, 
corrected for background 
Date S - 3 (lb/day) S - 5 (lb/day) S-6 (lb/day) 
4/7/84 6.56* 7.34* 8.28* 
5.54** 6.38** 7.05** 
i 
? 7/21/84 1.04* 1.76* 3.59* 
0.50** 1.45** 2.85** 
8/18/84 - 0.31* 0.55* 
0.17** 0.14** 
* Assumed "low background" of .001 mg/1 Sb 
** Assumed "lugh background" of .004 my/1 Sb 
APPENDIX E 
1975 EPA ANALYSIS OF USAC 
FLOTATION MILL DISCHARGE 
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CHEMICAL COMPOSITION OF RAW WASTEWATER DISCHARGED FROM 
ANTIMONY FLOTATION MILL 9901 
PARAMETER CONCENTRATION imq/l) 
P« 8.3* 
Acidity 83 
Alkalinity 11.0 
Color 113* 
Turbidity (JTU) 170 
TSS 149 
TDS 68 
Hardrma 40 
Chloride 1.S 
COO 43 
TOC 7 ja 
Al 6.2 
As 0.23 
Ba < 0.002 
Ba < 0.3 
B < 0.01 
Cd 0.103 
Ca 0.57 
Cr 0.04 
Cu 0.12 
Total Fa 18.8 
Pb 0.13 
1.93 
Total Mn 0.40 
*Valua in pH units 
*Valu« in cobalt units 
PARAMETER CONCENTRATION (m«/£> 
H« 0.0038 
Ni 0.10 
T1 <0.05 
V <0.2 
K 3.5 
S« 0.038 
Afl <0.02 
Na 2 JO 
Sr 0.11 
Ta <0.2 
Ti < 0.5 
Zn 4 35 
Sb 64.0 
Mo < 0.2 
Oil and Graaia < 1 
MBAS Surfactants 1.9 
Cyanide <0.01 
Phenol 0.022 
Fluorida < 0.1 
Total Kjaldahl N 1.3 
Sulfida OS 
Sulfata 163 
Nitrate 235 
Phosphata 0.05 
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